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Background/Aims
Sleep dysfunction is associated with altered gastrointestinal function and subsequently exacerbations of gastrointestinal 
problems. We aimed to investigate whether sleep dysfunction would influence anorectal motility as determined by anorectal 
manometry. The effect of anxiety on anorectal motility was also determined. 
Methods
A total of 24 healthy volunteers underwent anorectal manometry. The anorectal parameters included resting and squeeze 
sphincter pressure, sensory thresholds in response to balloon distension, sphincter length, rectal compliance, and rectoanal in-
hibitory reflex. Sleep dysfunction was subjectively assessed by using Pittsburgh Sleep Quality Index (PSQI). Anxiety was assessed 
by the application of the State-Trait Anxiety Inventory questionnaire. 
Results
There were sixteen subjects without sleep dysfunction (7 women; mean age, 22 years) and eight subjects with sleep dysfunc-
tion (2 women; mean age, 22 years). There was no group difference in the volume threshold for rectoanal inhibitory reflux, 
rectal compliance or sphincter length (P = NS). Anal sphincter pressure did not differ between the groups (P = NS). The rectal 
sensitivity for different levels of stimulation did not differ between the groups (P = NS). Sleep quality as determined by PSQI 
correlated with rectal compliance (r = 0.66, P = 0.007). Although there was no differences in any manometric parameters 
between subjects with and without anxiety, the anxiety score correlated with rectal compliance (r = 0.57, P = 0.003). 
Conclusions
Despite a positive association between rectal compliance and the level of subjective sleep or anxiety, sleep dysfunction did not 
apparently affect most of anorectal function in healthy subjects, nor did anxiety.
(J Neurogastroenterol Motil 2011;17:180-184)
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Introduction
Sleep deprivation is shown to heighten visceral perception 
and implicated as an etiological factor in chronic hyperalgesia 
syndromes.
1 Previous data have suggested that a majority of pa-
tients with functional gastrointestinal (GI) disorders have sleep 
disturbance.
2 Visceral hypersensitivity is also associated with poor 
sleep.
3 Alterations in anorectal function during sleep were re-
ported by Orkin et al,
4 who noted that decreased anal resting 
pressure was associated with marked minute-to-minute variations 
in pressures during sleep in healthy controls. 
However, it is shown that acute mental stress does not influ-
ence rectal sensitivity to balloon distension in healthy adults.
5 
Data are very few regarding the effect of sleep dysfunction on 
anorectal function. The aim of this study was to increase our un-
derstanding of sleep influencing anorectal physiology by inves-
tigating whether there was a difference in anorectal function as 
determined by anorectal manometry between healthy adults with 
and without sleep dysfunction. We also investigated whether 
anxiety had the effect on anorectal motility.
Materials and Methods
Subjects
This prospective study was approved by the Buddhist Tzu 
Chi General Hospital Institutional Review Board. All subjects 
were provided with written informed consent and interviewed 
about their general health and GI symptoms prior to the studies. 
A total of 24 healthy volunteers with no history of an underlying 
medical condition, alcoholism, psychological illness, medications 
affecting mentality or sleep, previous GI surgery or GI symptoms 
participated in this study. All subjects were enrolled from a uni-
versity student population. Subjects with poor communication or 
impaired hearing were excluded. Prior to the study, all subjects 
were interviewed by telephone regarding their bowel habits and 
sleep quality. All subjects with normal bowel habits had the bowel 
movements between 3 times per week and 3 times per day.
6 In 
particular, there was no evidence of an acute or chronic pain syn-
drome or abdominal symptoms, personal history or physical 
examination. Irritable bowel syndrome (IBS) was also excluded 
according to the ROME III criteria,
6 which include recurrent 
abdominal pain or discomfort at least 3 days per month in the last 
3 months associated with 2 or more of the following: (1) improve-
ment with defecation, (2) onset associated with a change in fre-
quency of stool and (3) onset associated with a change in form 
(appearance) of stool.
Anorectal Manometry
Patients were instructed to evacuate the rectum and received 
a Fleet's enema before the test. The probe was a 4.5 mm diameter, 
solid state catheter with multiple pressure transducers (Sandhill 
Scientific, Inc, Highlands Ranch, CO, USA) and a lumen for 
balloon inflation. A 5 cm balloon was tied to the distal end of the 
catheter. The lubricated catheter was introduced into the rectum 
as patients lay in the left lateral position with their hips and knees 
flexed to 90
o. Average resting and squeeze pressures (maximum 
and sustained) were recorded by the stationary pull-through 
technique. The threshold volume for rectoanal inhibitory reflexes 
was assessed by distending the rectal balloon in progressive 10 
mL decrements, starting at 60 mL, until anal sphincter relaxation 
was observed at lower volume of distension. Rectal sensation was 
evaluated with rectal balloon inflated at an interval of 10 mL until 
the subject reported first sensation. The balloon volume was then 
increased by steps of 30 mL so that subjects experienced the sen-
sations of urge to defecate as well as maximum distension. The 
threshold volumes for inducing these sensations were recorded. 
Rectal compliance for each balloon distention was derived from 
the slope of the volume-pressure curve. 
Subjective Sleep and Anxiety Assessment
The Pittsburgh Sleep Quality Index (PSQI) score was used 
to determine sleep disturbance. The PSQI score is a standardized 
rating scale, which has been validated as differentiating from 
‘poor’ to ‘good’ sleep.
7 It evaluates sleep disturbances in seven di-
mensions: subjective sleep quality, sleep latency, sleep duration, 
habitual sleep efficiency, sleep disturbances, use of sleep medi-
cation and daytime dysfunction. Each dimension is rated on a 
4-point scale (0 to 3, with 3 indicating more profound effect), 
which is summed together to yield a global score. A global score 
＞ 5 indicates “poor sleep.” Levels of anxiety were assessed by the 
State-Trait Anxiety Inventory (STAI) questionnaire.
8 The STAI 
state anxiety includes 20 items rated on a 4-point Likert-type 
scale from 1 (not at all) to 4 (very much). Normal adults without 
anxiety have the score less than 40.
9
Statistical Methods
Data were expressed as mean ± SEM. The normality of all 
data was examined by D’Agostino’s K-squared test. Statistical Tso-Tsai Liu, et al
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Figure 1. There is a significant positive correlation between sleep 
quality and rectal compliance (r = 0.66, P = 0.007). 
Table 1. Demographic Data in Subjects With and Without Sleep 
Dysfunction
Variable SD (−) (n = 16) SD (+) (n = 8)
Age (yr)    22 ± 0.4    22 ± 0.7
Gender (female)      7 (43%)      2 (25%)
Height (cm)  165 ± 2  162 ± 1
Weight (kg) 59.9 ± 0.6 60.7 ± 0.7
BMI (kg/m
2) 22.1 ± 0.7 23.2 ± 1.3
SD, sleep dysfunction; BMI, body mass index.
Data are expressed as mean ± SEM or n (%).
Table 2. Clinical Characteristics in Subjects With and Without Sleep 
Dysfunction
Variable
Subjects without 
SD (n = 16)
Subjects with 
SD (n = 8)
Threshold volume (mL)
First sensation   43.4 ± 3.6   40.0 ± 5.0
Urge 122.2 ± 9.4 135.3 ± 4.5
Maximal 184.1 ± 16.5 195.0 ± 10.0
RAIR   17.5 ± 0.6   17.5 ± 0.9
Anal sphincter pressure (mmHg)
Resting   51.6 ± 4.0   46.0 ± 5.3
Maximal   97.8 ± 20.9 102.9 ± 23.6
Sustained squeeze 148.6 ± 20.3 148.1 ± 25.8
Length of anal sphincter (mL)     1.9 ± 0.2     2.0 ± 0.3
Compliance (mL/mmHg)     5.9 ± 0.6     8.0 ± 1.9
RAIR, rectoanal inhibitory reflexes; SD, sleep dysfunction.
Data are expressed as mean ± SEM.
Figure 2. There is a significant positive correlation between anxiety and
rectal compliance (r = 0.57, P = 0.003). 
comparisons were assessed using student’s t test. Correlations 
were studied with the Pearson test. A P-value ＜ 0.05 was con-
sidered as statistically significant. 
Results
A total of 24 healthy subjects (9 women; mean age, 22 
[20-25] years) participated in this study. All subjects tolerated 
the procedures without any adverse effect. All subjects were thus 
stratified into 2 groups, ie, without sleep dysfunction and with 
sleep dysfunction. Both groups displayed similar demographic 
results regarding age, gender, weight, height and body mass in-
dex (Table 1).
The rectal sensitivity for different levels of stimulation did 
not differ between the groups (P = NS). There was no difference 
between groups in the threshold volume for RAIR, rectal com-
pliance, or anal sphincter length (P = NS). Anal sphincter pres-
sure did not differ between the groups for resting, maximal, or 
sustained squeeze (P = NS) (Table 2). The PSQI score in all 
subjects was 4.9 ± 1.7, whereas the STAI-state anxiety score was 
46.9 ± 2.8. The PSQI score correlated positively with rectal 
compliance (r = 0.66, P = 0.007) (Fig. 1). The STAI-state 
anxiety score was greater in patients with sleep dysfunction than 
those without sleep dysfunction (52.4 ± 2.4 vs 44.1 ± 4.0, P = 
0.02). In addition, there were 8 subjects without anxiety and 16 
subjects with anxiety. There was no difference between groups 
regarding any manometric parameters. However, the anxiety 
score correlated positively with rectal compliance (r = 0.57, P = 
0.003) (Fig. 2). Anorectal Physiology in Sleep Dysfunction
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Discussion
In this study, we investigated whether there was any influence 
of sleep dysfunction on anorectal sensory and motor function, as 
determined by anorectal manometry in healthy volunteers. We 
have shown a significantly positive correlation between sleep 
quality and rectal compliance, although sleep dysfunction did not 
affect any other parameters of anorectal manometry. 
While the influence of sleep disturbance on anorectal func-
tion is incompletely understood, recent works have demonstrated 
close associations of poor sleep with lower GI symptoms. In pa-
tients with IBS, it is previously shown that symptom severity of 
IBS correlates well with the quality of sleep during the prior 
evening.
10 Other studies have revealed that poor sleep leads to 
higher GI symptoms on the following day among women with 
IBS.
11
By application of anorectal manometry, we did not observe 
any difference in anorectal function between patients with and 
without sleep dysfunction. Earlier studies showed that patients 
with IBS were characterized by altered objective sleep function as 
determined by polysomnography.
12 It is yet unclear whether dis-
turbed sleep function has direct effect on anorectal function, al-
though a previous study reported that abnormal sleep function 
was linked to the occurrence of disturbed colonic motility.
13 
Moreover, other studies did not disclose any relationship between 
objective sleep function and IBS symptoms.
14 The findings of 
current results being different from previous studies could be by 
a type II error, since sample size in this study was small. In 
healthy individuals, colonic motor activity remains quiescent dur-
ing sleep, and resumes promptly after awakening.
15 It appears 
unlikely that sleep itself may directly lead to any deterioration in 
colonic function or clinical symptoms. Conversely, it may be like-
ly that altered motility may occur during the day after a poor 
night sleep,
3 although the effect of sleep deprivation on anorectal 
motility has not been extensively investigated. Furthermore, 
functional changes do occur in GI tract during disturbed 
sleep.
12,16
Rectal sensation is thought to be conveyed by polymodal un-
myelinated C fibers and thinly myelinated Aδ fibers
17 which are 
polymodal sensory fibers and can encode all types of stimu-
lation.
18 A recent work has shown increased nerve fibers im-
munoreactive to capsaicin receptor vanilloid receptor 1 (TRPV1) 
in the mucosal, submucosal and muscle layers of patients with 
rectal hypersensitivity.
19 It is suggested that enhanced rectal sen-
sitivity together with increased expression of TRPV1 in sensory 
fibers could be the result of high levels of anxiety.
19 The relevance 
of this notion in the mechanism of sleep dysfunction on rectal 
sensation is yet to be elucidated, although sleep dysfunction 
might be somewhat associated with anxiety status. 
In this study, it appears that there was a predominance of 
male gender in the group with sleep dysfunction as compared to 
that without sleep dysfunction. In our previous work,
20 we had 
demonstrated in healthy adults that there was no gender differ-
ence regarding anorectal parameters. Therefore, it is unlikely that 
the difference in gender may affect current findings. In addition, 
current data are similar to those done in our laboratory.
20
Measurement of rectal compliance is clinically useful regard-
ing the contribution of the rectum to the anorectal problem.
21 
Rectal distension is used in measuring rectal sensation and 
compliance.
22 Increased rectal compliance has been demonstrated 
in physiological conditions such as megarectum and in patients 
with constipation.
23 Altered rectal compliance has been demon-
strated to correlate with the intensity of rectal sensation.
24,25 In 
this study, we demonstrated a significant positive correlation be-
tween rectal compliance and the severity of subjective sleep qual-
ity as well as anxiety. Our results may indicate that increased sleep 
dysfunction or anxiety is associated with increased rectal com-
pliance, although sleep dysfunction appears to correlate well with 
anxiety in our subjects. We also revealed that subjects with sleep 
dysfunction had higher scores for anxiety than those without 
sleep dysfunction. It is likely that physical changes underlying 
anxiety play some role in the presence of sleep dysfunction in 
healthy subjects. 
In a previous work undertaken by Gonlachanvit et al
26 who 
investigated the effects of psychological stressor on rectal sensor-
imotor function in healthy adults, it was demonstrated that acous-
tic stress significantly decreased rectal compliance and threshold 
volumes for the perception of urgency. However, another study 
has revealed that experimentally induced anxiety did not affect 
rectal sensitivity or rectal compliance in healthy subjects.
27 Our 
results are apparently different from the findings by applying 
acoustic stress. The discrepancy is not clear, although it can be at-
tributed to different methods and designs of the experiment. An 
earlier study interestingly indicated that using sleep deprivation 
as a chronic stressor increased rectal sensitivity.
5 Although we did 
not perform any experiment of sleep deprivation in this study, our 
data suggest a potential role of sleep-related alteration in anorectal 
function in a group of healthy subjects reporting poor sleep. 
Further experiment is necessary to investigate whether direct Tso-Tsai Liu, et al
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sleep deprivation would alter anorectal physiology.
In summary, we have shown that sleep dysfunction did not 
influence the majority of anorectal parameters in healthy adults, 
although increased rectal compliance was associated with sleep 
dysfunction as well as anxiety. The results might implicate a com-
plex interrelationship between these psychological factors and 
anorectal function. Future work on the role of sleep related alter-
ation in anorectal motility will undoubtedly help elucidating the 
role of brain-gut axis as well as symptom perturbation in patients 
with functional bowel disorders.
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